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Abstract. In all classical logical algebras, only two elements can be equated to one 
element, and this is not possible when we want to equate more than two elements to one 
or more element. In this study, we are looking for a new idea to cover this defect. This 
paper considers the logic algebra structures and generalizes them to superhyper logic 
algebra. Indeed, we extended the axioms of logic algebra to neutrosophic superhyper 
logic algebras. 
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1. Introduction 


The theory of logic algebra is one of the important branches of mathematics that 
is applied in other sciences. Some researchers and mathematical theorists intro- 
duced some type of logic algebra and extended these scopes of mathematics. Y. 
Imai and K. Iseki introduced two classes of abstract algebras: BCK-algebras and 
BCl-algebras, and also proved that the class of BCK-algebras is a proper sub- 
class of the class of BCI-algebras [8, 9, 10]. Later Q. P. Hu and X. Li introduced 
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a wide class of abstract algebras - BCH-algebras, and have shown that the class 
of BClI-algebras is a proper subclass of the class of BCH-algebras [2]. Florentin 
Smarandache introduced a new concept of neutro-algebra as a generalization of 
partial algebra. He proved that a neutro-algebra is a generalization of partial al- 
gebra, and introduced the neutro-function (and neutro-operation). Recently in the 
scope of neutro logical (hyper) algebra, Hamidi, et al. have introduced the con- 
cept of neutro BC K-subalgebras [5], neutro d-subalgebras [4] and single-valued 
neutro hyper BCK-subalgebras [6] as a generalization of BC K-algebras and hy- 
per BC’ K-subalgebras, respectively and presented the main results in this regard. 
Also, Florentin Smarandache presented a novel concept as super hyperalgebra with 
its super hyperoperations and super hyperaxioms, then introduced some concepts 
such as super hypertopology and especially the super hyperfunction and neutro- 
sophic super hyperfunction [16, 17]. In the continuation of the super hyperalgebra 
topics, Hamidi et. al presented the novel concepts of supervertices, superedges, 
and superhypergraph via the concept of flow. They computed the number of su- 
peredges of any given superhypergraphs and based on the numbers of superedges 
and partitions of an underlying set of superhypergraphs, obtained the number of all 
superhypergraphs on any nonempty set. They also introduced the incidence matrix 
of superhypergraph and computed the characteristic polynomial for the incidence 
matrix of superhypergraphs, so obtained the spectrum of superhypergraphs. The 
flow of superedges plays the main role in computing of spectrum of superhyper- 
graphs, so they computed the spectrum of superhypergraphs in some types regular 
flow, regular reversed flow, and regular two-sided flow [3]. Recently, Hamidi has 
introduced the concept of super hyper BCK-algebras as a generalization of BCK- 
algebras and investigated some properties of this novel concept [7]. To see more 
content related to BE-algebras, BC’ K-algebras and superhyper algebras refer to 
the sources [1, 3, 14, 15, 18, 20]. 


Motivation and advantage: In the real world, communication is one of the 
most important principles of progress. Naturally, the wider the communication, the 
more impact it can have. In classical algebraic systems, two elements can only be 
equal to one element, allowing us to check the relationship of three elements at once. 
The problem becomes important when we want to find connections between more 
than three elements or a set of elements. According to the mentioned limitations, 
our main motivation in this study is to expand the principles of the subject in a 
way to creates connections between a set of elements based on systematic rules. 
Therefore, we have here studied the concept of a superhyper of logical algebras. 
Regarding these points, we consider some of the two-valued logic algebras such as 
BH-algebras, BE-algebras, and BC'K-algebras and extended them to superhyper 
BH-algebras, superhyper BE-algebras and superhyper BC'K-algebras, respectively. 
We investigated the properties of these superhyper algebras and proved that they 
have unique categorical properties. The basic comparison between these superhy- 
peralgebras has been examined in detail and the relationship between them has 
been discussed. This study aims to extend logic algebras to superhyper algebras 
using the superhyper axioms. Since we can characterize factual, intermediate, and 
false problems in logic, we actually attempt to overspread the axiom of classical 
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algebras to the superhyper axiom in logic algebras. 


1.1. Preliminaries 


Definition 1.1. [16, 17] Let X be a nonempty set and 0 € X. Then (X, Fn ny) 
is called an (m,n)-super hyperalgebra, where Om wet X™ —» P?(X) is called an 
(m,n)-super hyperoperation, P(X) is the n*” powerset of the set X,@ ¢ P"(X), 


for any A € P?(X), we identify {A} with A,m,>2,n >0,X"™ =XxXx...X 
So ey 


m—times 


and P®(X) =X. 


Definition 1.2. [13] Let H be a nonempty set and 9: H x H — P*(H) bea 
hyperoperation. Then (H; 0,1) is called a hyper BE-algebra, if for all x,y,z € H 
it satisfies the following axioms: 


xa<landg<a, 
o(x, o(y, 2) = o(y, o(z, 2), 
re oll, z), 


1 < zx implies x = 1. 
Where the relation ” <” is defined by x < y $1 € O(a, y). 


Definition 1.3. [2] Let X #@. Then a universal algebra (X,¥,0) of type (2,0) 
is called a BC K-algebra, if V x,y,z © X: 
(BCI-1) ((a¥ y)0 (ad z))0 (zv y) = 0, 
(BCI-2) (ad (ad y))0 y =0, 
(BCI-3) cd x =0, 
(BCI-4) «0 y = 0 and yd « = 0 imply x = y, 
(BCK-5) 0U x =0, 
where U(x, y) is denoted by x0 y. 


Definition 1.4. [11] An algebra (X,0) of type (2,0) with the following axioms is 
called a BH-algebra, for all x,y,z, € X, 


(i) xx =0, 
(ii) axy=Oand yxx =O imply x =y, 
(iii) axO0=2 forallae X. 
Definition 1.5. [1, 12] Let X 4 @ and P*(X)={Y |@#AY CX}. Then fora 


map @ : X? + P*(X) a hyperalgebraic system (X, 0,0) is called a hyper BCK- 
algebra, if V x,y,z EX: 
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(71) (woz) o(yoz)Kxoy, 
(H2) (cx oy) oz=(r oz) oY, 
(H3)¢ 0X <a, 
(H4)%<yandy<vz imply r=y, 
where « < y is defined by0 Cx oy,VW,ZCX,WK Acs VaEewddbe 
Zsta<b,(W oZ)= U (a o b) and e(x, y) is denoted by xe y. 
a€W,bEZ 


1.2. On superhyper BH-subalgebras 


In this subsection, we make the concept of superhyper logic BH-subalgebras as 
an extension of logic subalgebras and seek some of their properties. 


Definition 1.6. Let X be a nonempty set andO€ X anda= e,e,...e€ . Then 
K—_SS— 


(m—2)—times 


(X, 07 a €) is called an (m,n)-super hyper BH-subalgebra, if 


(m, 


(i) €€ oF Creer aya e 


(m,n) 


(it) ife € Of iii (x1, 22, bas tra) and € € OCmn,n) eataa me ,24), then x; = 2;, 
wherei+j=m+1, 


(iit) © E On ny (z,€, a). 


Example 1.1. Let X = {e,a}. Then (X,o*) is a (3,3)-super hyper BH-subalgebra as 


follows: 
* P3 ULE ife#=z= 
0(3,3)(@, Y; 2) ad “({ y : 
P2({a,y,z}) ifz =e 


where 


P.({a}) Pe ({a}) = Pe({a}) = {a}, P.({1, a}) = {1,a, {1,a}}, 

P2({1,a}) = {1,4, {1 a}, {1, {1 a}}, {a, (1, a}}}, 

Pe({1,a}) = {1,a, (1, a}, {1, (1, a}}, fa, {1 af}, (1, 1, {1 ahh {1 (a, {1 a}}, 
fa, {L that {ata {Lal} (hab th that}. tha. {a that}. th th at, 
{a, {1,a}}}}- 


(t) By definition, € € 0/3 3) (a, 2, x) = P3 (fe, a}). 
(it) By definition, x € 0/3 3) (2, €,€) = P3({x}). 
(iit) By definition, if € € 0/3 3) (x, y, 2) and € € 0/3 3)(2,y, x), then x = y =z. 
(it) Then (X,0*) is a (3,0)-super hyper BH-subalgebra as follows: 


¢ 1 ifv=y=z 
(3.1) (2, y, 2) = ’ 


Z O.W 
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Example 1.2. Let R be the set of all real numbers. Then (R, o*) is a (3, 4)-super hyper 
BH-subalgebra as follows: 


é _ Pete, 0}) : , (essay 
“ODD | maw Ca Gay ow 


Theorem 1.1. Let (X,07 ) be a (m,n)-super hyper BH-subalgebra. If 


> (m,n 
myn) (Br Exess € 1 (myn) * Creme Y)) = mn) (2 Exes € 5 Y)s 
re core —- a 
(m—2)—times (m—2)—times (m—2)—times 


then there exists U C X such that {x,e} CU. 


Proof. Since (X, Cn n)) is a (m,n)-super hyper BH-subalgebra, by putting x = y, 
we get that 


Oey hs €, 025 € Srna) 2s €,...,€ maoy= 


x  —’” 
(m—2)—times (m—2)—times 
* * * 

= Of pan) (2) €,---5€ pol rat Co Eyre r5€ ay = fm) (2 €,.--,€ 2). 

(m—2)—times (m—2)—times (m—2)—times 
By definition, 
€€ Ol mn) (2s €,...,€ ,v)andxe Ol mn) (2s €,---,€ m,n) (2s €,---5€ 12)). 

(m—2)—times (m—2)—times (m—2)—times 


Hence there exists U C X such that {x,¢} C U. 


Theorem 1.2. Let (X,07 ,) be a (m,n)-super hyper BH-subalgebra. If 6 = 


2) 
€,.-.,€ and of, ny ( Ofmn) (£;5,Y)s 219) = mn) (2 5; lmny(Y 5), 2), then x € 
(m—2)—times 


of €,.--,€ 4,2). 
Sa 


edo 
(m—1)—times 


Proof. Since (X, 07 


agi) is a (m,n)-super hyper BH-subalgebra, by putting « = 
y = z, we get that 


* 


Oras) ( (m,n) (x, 6, z), z, 6) = SGayn) (x, 6, San) (x, 6), x) 
It follows that 


* * * 
BE OF iy (Dy Epevig€) CS Oona ay (2) Err r€ rniite. €iatee jt) 
(m—2)—times (m—2)—times 
* 
= ©lm,n) ( m,n) (03. Gece g@)say Cree r€ ). 
(m—2)—times (m—2)—times 
Therefore, x € ene €,.--,€ 2). 


(m—1)—times 
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1.3. On superhyper BE-subalgebras 


In this subsection, we make the concept of superhyper logic BE-subalgebras as 
an extension of logic subalgebras and seek some of their properties. 


Definition 1.7. Let X bea nonempty set and 1 € X. Then (X, fn nis 1) is called 
an (m,n)-super hyper BE-subalgebra, if 8 = (1,1,...,1) 
e~_ ——S 


(m—2)—times 


(i) Leo Fetes) 


(m,n 


m—times 
(ii) 1 € Cnn) (Ls 1,6), 
(iit) © E On ny (1, 8,2); 


(iv) mn) (Bs 5m ny Ys C1; ee Gina) 7: Oasis) (Ov Ys Can) (x, 21, Meee ;m—1)). 


Theorem 1.3. Let (X,07 _.) be a distributive (m, n)-super hyper BE-subalgebra. 


(m,n) 


TPH (GA nda anen 
—_—_——- 


(m—2)—times 
(i) Ifx < yy, then Olina) (8, z, x) < mn) (Bs 254); 
(#8) of (BY 2) S Of pny (Bs 9s Ok nny (Bs 2), 


(iit) Oia (B, Yy, x) < ae (Cain) B, zy Y), ian (B, zy £)) 


Proof. Immediate by definition. 


Theorem 1.4. Let (X,0/,,, ,,)) be a commutative (m,n)-super hyper BE-subalgebra. 
If B = (1, 1, eae) 1s then Cm n) (Bs x, y) Cc OG ies mn) (Bs Cm,n) (Bs x, y); y), y). 
—{> 4 


(m—2)—times 
Proof. Let x,y € X. Then 


Otay da doxete ds OO) GS Oe ey Didavee ds Opa aa belo agh, au )) 
: ae , SS : i 
(m—2)—times (m—1)—times (m—2)—times 
© OS Ga ihe adil gO ir Ay bytes 8d GOOG ak Lvdyepayh eee), 
mn m,n eee (m,n = 
(m—2)—times (m—1)—times (m—2)—times 
Ot Lelasaeth 0) Se ak Lilien hee repnn 1,1,...,1, 
: —_—— ¢ ee z eee 
(m—2)—times (m—2)—times (m—2)—times 
OH ( 1,1,...,1 X,Y), Y),¥)- 
eS 


(m—2)—times 
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Thus 
Be AEs lary) Coren DAL come Teka: 
# — -A , ‘ 4 ? r , 
(m—2)—times (m—2)—times (m—2)—times 
Oia 1,1,...,1 yyy) yy: 
{SES 


(m—2)—times 


Theorem 1.5. Let (X, Cm a) be an (m,n)-super hyper BE-subalgebra. Then 1 € 


Cimny (C15 ae ree) 1), 2, Gai (y, x, Bie ,x)). 


(m—2)—times 


Proof. Let (X,07 ,.) be an (m,n)-super hyper BE-subalgebra and x,y € X. Then 


Ue LA, pd) ye) Cot (Uy Ryn My yore (tats! 4%) 
—_——_———— —_—-————’ 
(m—2)—times (m—2)—times 
r OPatik Clg ly saicgl) sano aay yen nanee)) 
-—"_—--— 


(m—2)—times 


Theorem 1.6. Let (X,0(,,,)) be an (m,n)-super hyper BE-subalgebra. Then 


> =(m,n 


le Cm n) ( ie eee | 1D, nn) mn) 6 TT owl foray). Ty lie 1a). 
? eY~Y— ’ y eY— eY— 
(m—2)—times (m—2)—times (m—2)—times 
Proof. Let x,y € X. Then 
be Orci 1,1,. vol mins (Ch 1,..., 1) a5) m,n) (C1, 1,..., 1), x,y) 
—- eS SS eS 
(m—2)—times (m—2)—times (m—2)—times 
= (mn) 1 4,-++ 4 12s Om, ny ( 1 Des eigel Mean’ 1,1,...,1 ,v,Y),Y))- 
(m—2)—times (m—2)—times (m—2)—times 
It concludes that 
le Oran ult Geert | £5 Om n) (Pmn) ( Llta sk pay), Ap lpeig 0 ey): 
y eY~Y— ’ ’ ey" eY—" 
(m—2)—times (m—2)—times (m—2)—times 


1.4. On superhyper BC'K-subalgebras 


In this subsection, we make the concept of superhyper logic BC’ K-subalgebras 
as an extension of logic subalgebras and seek some of their properties. 
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Definition 1.8. Let X be a nonempty set andO0€ X anda= 0,0,...0 . Then 
S|“ 


(m—2)—times 


(X, OF; n)) 18 called an (m,n)-super hyper BCK-subalgebra, if 


(8) 0. OF 5 ay (Oban nay hraymy (Bhs Thy «5th s+ +5 Ohm gy Th aH, ---2)), 0, 0, 
Cen 3 wre) 

(it) OE OF, ( Of m,n) (rs 0020) mn (E1225 ving has. OVO; 03885), 

’ y es , _— en, 
(m—2)—times (m—1)—times 

(iii) 0 € Of n (aa); 

iv) if 0 € oF @1,02,...,%m) and 0 € 07 Im,lm—1,---,£1), then 7; = 2x5, 
(m,n) (m,n) J 


wherei+j=m+1, 
(v) OE oF (Oi Oc now) 


(m,n) 
Theorem 1.7. Let (X,0/,,,)) be an (m,n)-super hyper BCK-subalgebra. Then 
for anyk > n, (X, Oca) is an (m,k)-super hyper BCK-subalgebra. 


Proof. Let (X,0(,,,)) be an (m,n)-super hyper BCK-subalgebra and k > n. Since 
PP(X) c PY), for any %1,%2,---,Lm © X, Onn) (21) £2, 

tin) iS OCm,k) (E13 XQ,-+-,Lm). Thus 0 € mn) (215 2,-..-,;L%m) implies that 
OE Cn, k) (@1,22,...,2m) and all axioms are valid. 


Theorem 1.8. Let m be an even and %1,%2,...,%m € X. Then (Xn ny) is an 
(m,n)-super hyper BCK-subalgebra if and only if 


(i) Ol m.n) (Gn,n) (1s £2» pad geuey oi 8S ied (e108 ont © jen) S Ohi) (ees, 
a) 
(i) Cm n) (21s 0,0,...0 1 Fair) EL La,» ++5 Cm) S oy, ny Op0ss tO) pa Is 
(m—2)—times (m—1)—times 

(itt) (a, x,...,@) < (a, z,...,2), 
—- —” —S$+ =” 
(#)-times (4 )-times 

(iv) if (v1,22,...,0m) < (@m41,0m42,...,0m) and (em41,Em49,...,Em) < 
(11,22,...,m), then x; = xj, where |i — j| = 2, 

(v) (0,0,.. .,0) < (Zm41,Um42,---;2m), 


(})-times 


(vi) (11, @2,--., 0m) < (a@m4i,0m t2y++ 452m) 0 € OF, 4)(L1, ©2,-.- Lm). 
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Proof. It is obtained by definition. 


Theorem 1.9. Let m be an even and (X,0/,, ,)) be an (m,n)-super hyper BCK- 


subalgebra and £1, X2,...,0™,Y1,Y2,-+-,Y™, 21, 22,---,2m EX. Ifa= 0,...,0 , 
SYS 
(#-1)-times 
* * ee * 
EEN OF (Carry) (Eda ++ Bs Ys YR), Oy 21,006 ZB) Oy ny (Cm ny (Sy + OB 
»71) ,zm), 0, Y1, ,ym) 


Proof. Let x1,2,...,0™,Y1,Yo,---,Y™, 21, 22,--.,2m € X. Thus get that 


0% OF) (mn) (Fis EB Yr Ye), 0,...0 ,21,...,02) 


(#-1)-times 


and 


0x Cnt) Ons) Gy + ORCI, oR), Oyu ~hiew ye): 


(#-1)-times 


In addition, by definition we get that 0 = 07 ( 0,...0 ,y1,---,ym), hence the 
ve) =" ? 


(#)-times 


proof is completed. 


Theorem 1.10. Let m be an even and (X, 0, »)) be an (m,n)-super hyper BCK- 
subalgebra and #1, %2,...,Um—1 © X.Then (a1,...,Um_—1) © OF as (21,---;L%m_—1,; 0). 


Proof. Let 11,%2,...,%m € X. Then 


0x On.) (45 Udy 664 (Sma 15 Cay (@1,%2,...,2%m_—1,0)). Moreover by above 
Theorem, we have 0 = Onis On ay (@1,---;U@m—1,0),@1,-..,%m_—1). Thus we con- 
clude that (@1,...,@m-—1) © Cn #3 (@1,-.-,£m—1,0). 


Corollary 1.1. The class of (m,n)-super hyper BC K-subalgebras is a subclass of 
(m,n)-super hyper BH-subalgebra. 


2. Conclusion and discussion 


The current paper has defined and considered the notion of superhyperalgebras to 
logic algebras and has introduced the concepts of (m,n)-super hyper BH-subalgebras, 
(m, n)-super hyper BC'K-subalgebras and (m,n)-super hyper BE-subalgebras. We 
investigated the important properties of these logic superhyperalgebras and found 
a relation between them. The advantage of(m,n)-super hyper BH-subalgebras, 
(m,n)-super hyper BC K-subalgebras and (m,n)-super hyper BE-subalgebras is 
that it removes all the limitations of connecting elements, and based on (m, n)-super 
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hyper BH-subalgebras, (m,n)-super hyper BC’ K-subalgebras and (m,n)-super hy- 
per BE-subalgebras, any number of elements and any number of sets can be linked 
together. On the other hand, limiting (m,n)-super hyper BH-subalgebras, (m,n)- 
super hyper BC K-subalgebras and (m,n)-super hyper BE-subalgebras leads to 
hyper BH-subalgebras, hyper BC'K-subalgebras and hyper BE-subalgebras and 
BH-subalgebras, BC K-subalgebras and BE-subalgebras and covers all properties 
of hyper BH-subalgebras, hyper BC’ K-subalgebras and hyper BE-subalgebras and 
BH-subalgebras, BC K-subalgebras and BE-subalgebras. On the other hand, the 
complexity of hyperoperation calculations increases when the number of nested sets 
increases. As the order of power sets increases, the number of sets to which we 
associate elements becomes larger and larger. Another limitation we have in this 
matter is finding a simple algorithm based on which we can find the relationship of 
elements with a power set. We hope that these results are helpful for further studies 
in fuzzy logic superhyperalgebras. In our future studies, we hope to obtain more 
results regarding neutrosophic superhyperalgebras, categorical superhyperalgebras, 
fundamental relations on superhyperalgebras, and their applications. 
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